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Abbreviations/ Acronyms 
CIP International Potato Center 
DNA Deoxyribonucleic acid 
ELISA Enzyme-linked immunosorbent assay 
KOH Potassium Hydroxide 
LAMP Loop-mediated isothermal amplification 
PCR Polymerase chain reaction 
PEG Polyethylene glycol 
qPCR Quantitative polymerase chain reaction 
RSSC Ralstonia solanacearum species complex 
SMSA Selective Medium South Africa 
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1. Introduction 
1.1. Seed potato certification  
Improving access to quality seed potato among smallholder farmers is a pathway towards increasing their potato 
productivity. Diseases such as bacterial wilt caused by Ralstonia solanacearum have resulted in devastating 
losses in potato production on many farmers’ fields. Among proposed management options is the use of certified 
seed or disease-free seed. Ensuring that the seed is disease free requires that deliberate measures are put in 
place during production that follow certain quality standards that assures production of quality seed. 
Many seed potato certification standards have zero tolerance for bacterial wilt which leads to rejection of an 
entire potato field for seed. Laboratory testing is required to confirm the absence of the pathogen in the soil 
before planting seed and testing for latent infection on seed lot before the seed is certified for use by farmers. 
Current seed potato certification process involves traditional laboratory processes in the diagnosis of the 
bacterial wilt pathogen. This is time consuming due to use of techniques such as isolation of bacteria on agar 
plates, ELISA tests with or without enrichment, and DNA based PCR detection.  
The ability to detect latent infection of Ralstonia from stem, tubers, and soil in the laboratory and in field with 
adequate sensitivity, reliability, and speed will not only improve efficiency of seed certification process and seed 
quality control mechanisms but also reduce the cost of the certification process. Thereby, increasing the 
availability of affordable certified seed. 
1.2. What is LAMP Assay? 
Loop-mediated isothermal amplification (LAMP) assay is a novel nucleic acid amplification method that amplifies 
DNA with high specificity, efficiency, and rapidity under isothermal conditions. The method employs a DNA 
polymerase and a set of four to six specially designed primers to recognize 6 to 8 distinct regions on the target 
DNA template with amplification at constant temperature. Sensitive and specific Loop-mediated Isothermal 
Amplification (LAMP) assays for Ralstonia solanaceorum the causal agent for bacterial wilt have recently been 
developed by Kubota et al. 2008 and Lenarcic et al. 2014. 
1.3. Field Deployable-LAMP Assay for Ralstonia  
To prevent the associated economic losses, and particularly those related to bacterial diseases where their 
management relies on removal of the infected material from production, simple, easy-to-perform, rapid and 
cost-effective tests are needed. The field deployable LAMP assay has a significant advantage over the standard 
ELISA and PCR tests in suitability for on-site diagnosis (be it farmers field or point of entry), the time it takes to 
get results, workflow simplicity, specificity of Ralstonia strains detected, and comparable cost with ELISA. 
Deployment of LAMP assay requires far less expertise than ELISA, PCR and qPCR assays. Medium to large scale 
seed producers can easily integrate LAMP assay into self-assessment of their seed quality because of its 
simplicity. 
The cost-effective LAMP assay detects Ralstonia from stem, tuber and soil, objective is to take the testing process 
from the lab to the field, all while increasing the efficiency and effectiveness of the certification process, lowering 
testing costs and assuring seed health (Figure 1). 
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2. LAMP instrument and reagents 
2.1. Genie instruments 
Genie instruments provide a platform to carry out LAMP reactions. These highly versatile instruments are 
designed to be used in the field or laboratory allowing full flexibility in where you perform your assays. There 
are two types of Genie instruments. 
2.1.1. Genie II 
It is a compact, lightweight, and robust instrument suitable for use in the field or laboratory. Its specifically 
designed to run any isothermal amplification method that employs target detection by fluorescence 
measurement. The device has two heating blocks, each of which takes a single 8-microtube strip that was 
specially designed for the instrument. The tubes feature locking caps that do not open after a run, so preventing 
any contamination. The blocks can be controlled independently or run together for processing up to 16-samples. 
       
 
2.1.2. Genie III 
This instrument has been specifically developed for outdoor use with weatherproofing and portability qualities. 
This smaller device has a single heating block, taking the same 8-microtube strip developed for Genie II. 
           
 
2.1.3. Instrument accessories 
Tube strips 
Tube strip maximizes optical and thermal efficiencies with a locking cap providing a closed-tube system. The 
strips have the following advantages:  
• Seal-and-lock mechanism to prevent contamination 
• Individually capped 
• Non-fluorescent and optically clear 
• Wings for ease of handling 
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• Raised rim for foil sealing 




Strip holder allows you to set up your reactions quickly and easily. The aluminum holder can also act as a cool 
block. 
                   
 
2.2. LAMP reagents 
2.2.1. Isothermal mastermix 
Isothermal mastermix allow real-time fluorescence detection of amplified DNA and RNA on the Genie II and 
Genie III platforms. It is tolerant to the inhibitors present in the plant tissue and soil particles. Here we use ISO-
DR001 however there are other Isothermal mastermixes that can be used for other assays 
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2.2.2. Primers 
Primers are short, single-stranded DNA sequence that play different role within the LAMP reactions and each 
primer needs to be at a different concentration for optimal amplification. They are also known as 
oligonucleotides or oligos. These primers include: 
i. Two external primers- Forward Outer Primer (F3) and Backward Outer Primer (B3)  
ii. Two internal primers- Forward Inner Primer (FIP) and Backward Inner Primer (BIP) 
iii. Two loop primers- Loop forward primer (FL) and Loop backward primer (BL). 
Two types of primers have been developed for use in detection of Ralstonia solanacearum strains.  
 
1. Developed by Kubota et al., 2008 here denoted as LAMP I. These primers are specific in detecting Ralstonia 
solanacearum Phylotype II sequevar 1 and 2 strains and are denoted as: 
F3_ RK, B3_ RK, FIP_ RK, BIP_ RK, BL_ RK 
  
2. Developed by Lenarčič et al., 2014 here denoted LAMP II. These primers are specific in detecting R. 
solanacearum species complex RSSC- strains  
F3_ Rs-egl, B3_ Rs-egl, FIP_ Rs-egl, BIP_ Rs-egl, FL_ Rs-egl, BL_ Rs-egl 
 
2.2.3. Other equipment and materials 
1. Double distilled or type II autoclaved water to mix primers. For type II water, distilled water is passed 
through a filter before autoclaving it. This eliminates salts, ions, nucleic acids and enzymes which might 
interfere with results.  
2. Alkaline PEG200 reagent to use as a lysing agent for sample maceration. PEG captures inhibitors present in 
the extraction. The alkaline pH denatures nucleases in the extraction which could degrade target nucleic 
acid in the detection. If needed prepare Alkaline PEG200 which is made up of Polyethylene glycol 200, 
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potassium hydroxide and distilled water. The Alkaline PEG buffer should be stored at room temperature 
either in a dark bottle or a bottle wrapped in foil to protect it from light. Use the following formula to 
prepare the Alkaline PEG200  
60 g Polyethylene glycol (PEG 200) + 930 µl 2M KOH + 39 ml distilled water. You can adjust the pH 
of the Alkaline PEG200 by adding drops of 930 microliters of potassium hydroxide (or sodium 
hydroxide) until the pH reaches around 13.3.  
Some additional materials to include in your kit are: 
1. Plant sample plastic maceration bags 
2. Tuber cuticle remover, if accessible, for use in sampling potato eyes. 
3. Coring device for use in removing internal tissues such as vascular rings 
4. Fine-tip permanent marker to annotate your samples 
5. Pipettes with tips of varying volumes (You can use a 1 microliter inoculation loop as a convenient 
alternative). 
i. 1 µl 
ii. 100 µl 
iii. 1000 µl 
6. 70 percent Ethanol for disinfecting surfaces. 
7. 50 milliliter falcon tubes for processing soil and tuber samples 
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3. Samples collection and preparation 
3.1. Potato tuber samples 
1. To prepare your tuber samples for maceration begin by washing or wiping the tuber surface with sterile 
distilled water followed by 70 percent ethanol. 
2. Dispense 2 milliliters of alkaline PEG reagent to labeled plastic sample maceration bags. 
3. Treat cuticle remover or blade being used with 70 percent ethanol to eliminate DNA contamination.  
4. Cut out small portion of the tuber at the stolon end to expose vascular ring. 
5. Remove the vascular ring with a sterile and clean coring device or blade and transfer it to the respective 
labeled maceration bag. 
6. If you’re conducting a seed lot test for latent infection you can use a coring device attached to falcon tubes 
with an extraction buffer to collect composite tuber samples. 
7. Manually crush the sample and let it stand for 15 minutes before using it as a template for LAMP reaction. 
 
3.2. Potato stem samples 
1. Wash surface of your stem and wipe with 70 percent ethanol. 
2. Cut a stem fragment of approximately 2 centimeters 
3. For potato stem samples the alkaline PEG reagent should be at least 10 times the volume of the stem 
fragment. With that in mind dispense 2 ml of alkaline PEG reagent into a labeled plastic sample maceration 
bag with your stem sample. 
4. Add stem sample to maceration bag and manually crush it. Let sample stand for 15 minutes before using it 
as template for LAMP reaction. 
 
3.3. Soil Samples 
1. When preparing soil samples make sure to mix and sieve the sample well. You might miss uneven 
distribution of bacteria in the soil If it’s not mixed well, while too much debris will interfere with downstream 
processing if the sample is not properly sieved. 
2. Place 5 grams of the representative soil sample and 45 milliliters of sterile distilled water into a 50-milliliter 
falcon tube. 
3. Use a phosphate buffer if enrichment is needed to increase the number of bacteria in the solution. We 
recommend doing this for 24 to 48 hours. 
4. Mix the sample well by gently shaking manually. 
5. Let the soil-distilled water mixture sit for 10 to 15 minutes. 
6. When it’s expected that the sample will show a high Ralstonia infestation, mix 10 microliters of the soil 
suspension in 90 microliters of alkaline PEG reagent and let sit for 15 minutes, and then use directly in the 
LAMP reaction.  
7. If low Ralstonia infestation is expected enrich in SMSA media without agar. 
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4. LAMP Procedures 
4.1. Handling primers 
Custom oligonucleotides are usually packaged lyophilized with the amount of TE Buffer or sterile distilled water 
needed to make the 100-micromolar stock solution printed on the oligo tube. Upon receiving the oligos, spin 
the tubes briefly before opening. Add the stated amount of TE buffer or sterile distilled water to resuspend.  TE 
buffer should be used for long term storage. Mix by pipetting or vortex and store at –20°C until required. 
Do NOT store oligonucleotides in sterile distilled water at 4°C as they may degrade at this temperature during 
long term storage. It is better to store at -20°C in TE buffered water which depletes the availability of positive 
ions that are required for enzymatic degradation of DNA.  
For each assay different concentrations of the primers are required for optimal amplification as shown in table 
1 and 2. 
Table 1. Primers developed by Kubota et al 2008 for detection of Ralstonia solanacearum phylotype II sequevar 1 and 2 
(‘potato’ strains, Race 3 Biovar 2) strains specific assay (LAMP I) 
LAMP Primers Sequence (5'→3') Final conc 
F3_RK GAGAGACATGTCCGATTCCG 0.2 µM  







BLoop_RK AGAGCTTTTCGCCAATCGACT 0.4 µM 
*FIP/BIP preferably HPLC grade purification 
 
Table 2. Primers developed by Lenarcic et al 2014 for detection of Ralstonia solanacearum species complex (RSSC) wide assay 
(LAMP II) 
LAMP Primers Sequence (5'→3') Final conc 
F3_Rs_egl GAGCAACTACATCTATCCGTC 0.2 µM  
B3_Rs_egl CATCAGCCCGAAGATGAC 0.2 µM 
FIP_Rs_egl* ACAGCTCGTTCGCGTCGACGACAGCGCGACCTACTA  2.0 µM 
BIP_Rs_egl* GGTTCGTCAACGCCGTGAGATCACGTTGCCGTAGTAG  2.0 µM 
FLoop_Rs_egl GTTCATGCCCTTGTTCTTG  2.0 µM 
BLoop_Rs_egl GCTCGATCCGCACAACTA 2.0 µM 
*FIP/BIP preferably HPLC grade purification 
 
Practical guide to use the field-deployable LAMP Assay for Ralstonia solanacearum diagnostics   9 
4.2. Preparation of 10x primer mix 
Prepare 100 microliters of 10x primers for use as working stock (Table 3 and Table 4). You can use this equation 
for the calculations. 
C1V1 = C2V2  
 








Volume of 100 µM 
(stock solution) 
required for 10x 
Volume of TE buffer/ 
deionized water to add 
for 10x 
F3_RK 0.2 µM 2.0 µM 100 µl 2 µl 
96 µl 
B3_RK 0.2 µM 2.0 µM 100 µl 2 µl 
FIP_RK 1.6 µM 16.0 µM 100 µl 16 µl 
68 µl 
BIP_RK 1.6 µM 16.0 µM 100 µl 16 µl 
BLoop_RK 0.4 µM 4.0 µM 100 µl 4 µl 96 µl 
For 10x primer mix for the LAMP reaction, add equal volumes of the 10 x F3/B3 primer mix, FIP/BIP, and BLoop and use 7.5 µl to the 
LAMP reaction. 
 
Table 4. 10x primer mix for LAMP II: Ralstonia solanacearum species complex (RSSC) wide assay 
LAMP Primers Final conc. 10x conc. 
Volume of 10x 
primers to 
prepare 
Volume of 100 µM 
(stock solution) 
required for 10x 
Volume of TE buffer/ 
deionized water to 
add for 10x 
F3_Rs_egl 0.2 µM 2.0 µM 100 µl 2 µl 
96 µl 
B3_Rs_egl 0.2 µM 2.0 µM 100 µl 2 µl 
FIP_Rs_egl 2.0 µM 20.0 µM 100 µl 20 µl 
20 µl 
BIP_Rs_egl 2.0 µM 20.0 µM 100 µl 20 µl 
FLoop_Rs_egl 2.0 µM 20.0 µM 100 µl 20 µl 
BLoop_Rs_egl 2.0 µM 20.0 µM 100 µl 20 µl 
For 10x primer mix for the LAMP reaction, add equal volumes of the 10 x F3/B3 primer mix, FIP/BIP/FL/BL primer mixes prepared above. 
 
4.3. Preparation of reaction master-mix 
Reaction master-mix contain all components of a reaction that are to be kept constant, dispensing this into 
individual strip and then adding the variable (e.g., template). 
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Table 5. Reaction master-mix for LAMP I: Phylotype II sequevar 1 and 2 (‘potato’ strains, Race 3 Biovar 2) strains specific assay 
Component Initial 
conc 
Vol/rxn Final conc 
Isothermal Master Mix (ISO-Dr001)  12.5 µl  
Primer Mix 10 x 7.5 µl 1x 
Nuclease-free Water  2.5 µl  
Reaction master mix  22.5 µl  
Template   2.5 µl  
Total Reaction Volume  25 µl  
 
Table 6. Reaction master mix for LAMP II: Ralstonia solanacearum species complex (RSSC) wide assay 
Component Initial 
conc 
Vol/rxn Final conc 
Isothermal Master Mix (ISO-Dr001)  12.5 µl  
F3/B3 Primer Mix 10 x 2.5 µl 1x 
FIP/BIP/FL/BP Primer mix 10 x 2.5 µl 1x 
Nuclease-free Water  5 µl  
Reaction master mix  22.5 µl  
Template   2.5 µl  
Total Reaction Volume  25 µl  
 
4.4. Procedure 
1. Place the 8 strip wells on the holding block with the lids open on the opposite direction. The numbers 1-8 
or A-H should be aligning from left to right on the holding block. 
2. To prepare the reaction master-mix for a LAMP assay pipette and dispense 22.5 microliters into each of the 
8 strip wells. 
3. Add 2.5 microliters of the extract or Template for the tuber, stem, or soil extract lysed in the Alkaline PEG200 
reagent to the respective well. 
4. Positive control template should be added at last. 
5. Reserve the seventh well for positive control and the eighth well for no target control. 
6. Close the strips starting with the no target control and finishing with the positive control to avoid 
contaminations in case of any spill during closing. 
7. Set your LAMP program to a temperature of 65 °C for 45 minutes amplification, and 98-80 °C anneal 
temperature with Ramp Rate of 0.05 °C/sec 
8. If working in the lab the Alkaline PEG step can be avoided by lysing using heat. In this case the Genie 
instrument is preheated at 95 °C for 5 min 
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4.5. Operating Genie Machines 
1. Tap on the “OptiGene” screen 
2. Tap on “Start” 
3. Tap on “LAMP & Anneal.prof” to write your own program as follows: 
4. Tap on the Check icon on the top right corner 
5. Select either of the “A” for the left or “B” for the heating block if using Genie II instrument 
6. Tap on the profile graph and set the amplification temperature at 65 °C (LAMP I) or 60 °C (LAMP II) but 
leave the Anneal temperature at default setting 
7. Or tap on ‘Rs-egl’  
8. Tap on the play button to start the reaction. 
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5. Results 
5.1. Positive amplification 
The fluorescent signal should have a typical 'S' shaped sigmoid curve as the fluorescence will first increase slowly 
than exponentially and then slowly again, which plots a curve that resembles an S (Figure 2). 
 
Figure 2. Example of positive amplification curves of typical dilution series templates 
The anneal derivative should be about 86.7 °C from Alkaline PEG extraction and 89.6 °C from boiled extract 
(Figure 3). Alkaline PEG is preferred in the field conditions since it lowers the melting temperature which is 
favorable because you will be using devise battery. 
 
 
Figure 3. Example of anneal curve of template with serial dilution showing final anneal temperatures should always be the 
same providing the correct product has been amplified 
If this doesn’t happen you might want to repeat the test and run a complimentary test as this might be an 
indication that something else might have been amplified. 
Time to positivity is automatically based on built in analytical algorithm to represent the time at which the peak 
rate of increase in Fluorescence is observed If there is an amplification at any time while the anneal derivative 
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is at the right temperature this test should be considered positive. The time to positivity may indicate the 
concentration of the bacteria. The faster the amplification, the more bacteria present.  
5.2. Caution  
Call for positivity can be very tricky and at times a false positive call can be made. Amplifications at temperatures 
below 90-85 cannot be Ralstonia. This can occur in case one is using the LAMP II assay as cross reaction with 
some strains of pectobacteria have been observed. If this occurs a confirmatory test can be done using LAMP I 
Assay which is potato strains specific assay. 
Also check on the no target template and the positive control templates to ensure no cross contamination 
occurred. 
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6. Conclusion 
Certified seed is a surefire way to help bolster potato production across sub-Saharan Africa. The LAMP assay is 
a versatile cost-effective tool that brings the power of diagnostics right to the settings where it’s most needed. 
It can be used at ports of entry and in farmer fields, helping to rapidly diagnose latent infection of bacterial wilt 
and help mitigate its devastating spread. This low-cost approach is an essential tool in strengthening the potato 
seed system and making the certification process for seed potato more widely accessible. 
  
 
Practical guide to use the field-deployable LAMP Assay for Ralstonia solanacearum diagnostics   15 
7. References 
Kubota, R., Vine, B. G., Alvarez, A. M., & Jenkins, D. M. (2008). Detection of Ralstonia solanacearum by Loop-
Mediated Isothermal Amplification. Phytopathology®, 98(9), 1045–1051. 
https://doi.org/10.1094/PHYTO-98-9-1045 
Lenarčič, R., Morisset, D., Pirc, M., Llop, P., Ravnikar, M., & Dreo, T. (2014). Loop-Mediated Isothermal 
Amplification of Specific Endoglucanase Gene Sequence for Detection of the Bacterial Wilt Pathogen 
Ralstonia solanacearum. PLoS ONE, 9(4), e96027. https://doi.org/10.1371/journal.pone.0096027 
 
  
Practical guide to use the field-deployable LAMP Assay for Ralstonia solanacearum diagnostics 16 
 
